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ABSTRACT
This  th e s is  is  a n  in v e s t ig a t io n  of the u se  of su ita b le  h a r d -  
su rfa c in g  a llo y s  on p e r c u s s io n  rock  d r i l l  b i t s .  An e ffo r t  was 
m a d e  to develop  an  in ex p en s iv e  h a rd s u r fa c e d  b it  th a t  would 
o u tp e r fo rm  the  conven tional m u l t i -u s e  s te e l  b it  in  h a rd  ro ck  
and  w hose f a b r ic a t io n  would be ju s t if ied  e c o n o m ic a l ly .
Conventional m u l t i - u s e  s te e l  b its  w e re  u sed  a s  a s ta n d a rd  
and c o m p a re d  w ith  the v a r io u s  h a rd s u r fa c e d  b its  on a b a s is  of 
d r i l l in g  sp e e d ,  b it  w e a r ,  and  s c r e e n  a n a ly se s  of the  c u t t in g s .
Of the e ight a l lo y s  t e s te d ,  only th re e  c o m p a re d  fav o rab ly  
w ith  the  m u l t i - u s e  s te e l  b i t .  They w e re  the  G roup i t l  a l lo y ,  
Stoody 1? the G roup  IV a l lo y s ,  Stoody B orod  (60 dn); and tube 
b o r iu m  (type G), w hich had  been  h e a t - t r e a t e d .  H o w ev er ,  th e se  
th r e e  a llo y s  show ed in su ff ic ie n t  advantage to w a r r a n t  the  t im e  
and  expense  of p r e p a ra t io n .
Although not a l l  of the h a rd s u r fa c in g  a llo y s  w e re  te s te d ,  i t  
is  doubtful th a t  any p r e s e n t  c o m m e rc ia l  h a rd s u r fa c in g  a llo y s  
would im p ro v e  the  d r i l l in g  p e r fo rm a n c e  of the b its  in  h a rd  rock  
to  a  poin t w h e re  th e i r  fa b r ic a t io n  would be ju s t i f ie d  e c o n o m ic a l ly .
INTRODUCTION
This  th e s i s  w o rk  is  b a se d  on a n  in v e s t ig a t io n  of the u se  of s u i t ­
ab le  h a rd s u r fa c in g  a llo y s  on p e rc u s s io n  ro c k  d r i l l  b i ts  and th e i r  e f ­
fec t  on d r i l l in g  speed  and  b it w e a r  a s  c o m p a re d  to  the  conventional 
s te e l  m u l t i - u s e  b i t .  An e f fo r t  will be m ade  to  find a  h a rd s u r fa c in g  
a llo y  fo r  u se  on p e rc u s s io n  d r i l l  b i ts  to  d r i l l  h a rd  ro c k .
The t im e  tak en  to  d r i l l  conventional f la t  ho les  with a  d r i f t e r  can  
be div ided  am ong  the following ( E r t l ,  W agner ,  and B urgh , 1948, p . 3):
1. p e n e tra t in g  ro ck ; 2. changing s te e l ;  3. sh if ting  the p o s it io n  of the 
d r i l l ;  and 4 . changing  b i t s .  The c o s t  of d r i l l in g  can  be lo w e re d  if  
the t im e  spen t in  th e se  a c ts  can  be re d u c e d .  In som e of the h a r d e r  
ro c k s  conven tional s te e l  m u l t i - u s e  b its  a r e  dulled  too soon to p e r m i t  
the  u se  of the e ffec tive  len g th  of s te e l  change o r  the use  of long s te e l  
c h a n g e s .  T u n g s ten  c a rb id e  i n s e r t  b i ts  a r e  su c c e s s fu l  in  h a rd  ro c k ,  
but t h e i r  in i t ia l  c o s t  is  quite h ig h . If an  inexpens ive  b it  can  be d e v e l­
oped to  p e r m i t  the  e ffec tive  use  of the s te e l  len g th ,  the  t im e  sp en t in  
the  n o n -p ro d u c t iv e  a c ts  l i s te d  above will be re d u ced  and the r a t e  of 
p e n e tra t io n  p o ss ib ly  in c r e a s e d .
S u ccessfu l  h a r d s u r fa c e d  b its  have  b een  developed fo r  u se  in  s a n d ­
s to n e ,  l im e s to n e ,  and oil s h a le .  The Ju n c tio n  B it and Tool Com pany 
(1954, p .  16) m a n u fa c tu re s  a h a rd s u r fa c e d  th ro w -a w a y  b it w hich is  u sed
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in  som e of the u ra n iu m  m in e s  on the C o lo rado  P la te a u .  H ow ever, 
no in fo rm a tio n  was a v a i la b le  f ro m  th is  o rg a n iz a t io n  in  r e g a r d  to 
the  tech n iq u es  u sed  in  developing  and m a n u fac tu r in g  the b i t .  The 
U nited S ta tes  B u re a u  of M ines developed  a su c c e s s fu l  h a rd s u r fa c e d  
b i t  fo r  u se  in  d r i l l in g  oil sh a le  a t  R if le ,  C o lo rad o  ( E r t l , W agner ,  
and  B u rg h , 1948). In g e rs o i l -R a n d  Com pany did so m e  w ork  on the 
u se  of h a rd s u r fa c in g  a llo y s  in  con junction  w ith the H aynes S te ll i te  
Com pany and  found th a t  h a rd su r fa c in g  a lloys  a s  such  w e re  not s a t ­
i s f a c to r y  fo r  p e r c u s s io n  ro ck  d r i l l  b i t s .  H ow ever ,  no f u r th e r  d e ­
ta i le d  in fo rm a tio n  w as a v a i la b le  f ro m  e i th e r  of th e se  o r g a n iz a t io n s .
In o r d e r  to  in v e s t ig a te  th e  fe a s ib i l i ty  of h a r d s u r f a c e d  b i ts  for 
d r i l l in g  in  h a rd  ro c k ,  the  p e r fo rm a n c e  of h a r d s u r f a c e d  b its  w e re  
c o m p a re d  with the p e r fo rm a n c e  of conventional m u l t i - u s e  s te e l  b i t s . 
T h is  c o m p a r iso n  w as m ad e  th ro u g h  the u se  of the d r i l l in g  r e c o rd s  
and p h o tog raphs  of the  d if fe re n t  b i t s .  The da ta  tha t w as co lle c te d  
fo r  the  d r i l l in g  r e c o r d s  c o n s is te d  of: 1. depth  of hole ; 2. d r i l l in g
t im e ;  3. a i r  p r e s s u r e ;  4. lo s s  of b it  w eight; and  5 . s c r e e n  a n ­
a ly s e s  of the  d r i l l  c u t t in g s .  The r a te  of p e n e tra t io n  w ill be c a lc u la te d  
f ro m  the d r i l l in g  t im e  and  the depth d r i l l e d .
To an a ly z e  the r e s u l t s ,  the  d r il l in g  r a t e s  w e re  c o m p a re d  d i re c t ly ,  
the  w e a r  on the  v a r io u s  b i ts  w as c o m p a re d  by the lo s s  of b it  w eight 
and  by m e a n s  of p h o to g ra p h s ,  and the cu tting  e ffic ien cy  w as c o m p a re d  
th ro u g h  the u se  of the  s c r e e n  a n a ly se s  of the d r i l l  c u t t in g s .
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HARDSURFACING ALLOYS
The ab i l i ty  of h a rd s u r fa c in g  a llo y s  to  r e s i s t  w e a r  has  been  put 
to  u se  in  a  co u n t le ss  n u m b e r  of in d u s t r i e s .  H a rd su r fa c in g  a lloys  
a r e  of m an y  ty p e s ,  each  d es ig n ed  w ith a sp ec if ic  s e t  of c h a r a c t e r ­
i s t i c s  in  o r d e r  to co m b a t the d e s tru c t iv e  fo rc e s  tha t w ill be en co u n ­
t e r e d  in  a  g iven  o p e ra t io n .  Some a llo y s  m u s t  r e s i s t  a b ra s io n ,  so m e  
m u s t  r e s i s t  im p a c t ,  so m e  m u s t  r e s i s t  c o r ro s io n ,  and so m e  m u s t  
m a in ta in  th e i r  h a r d n e s s  a t  e lev a ted  t e m p e r a t u r e s .  No s ing le  h a r d -  
s u r fa c in g  a llo y  ca n  com bine  the  p r o p e r t i e s  n e c e s s a r y  to  m e e t  a l l  
co n d i t io n s .  The m any  h a rd s u r fa c in g  a l lo y s  can  b e s t  be c la s s i f ie d  
in  the  four  b ro a d  g roups  d e s c r ib e d  below (S harp , 1946).
The f i r s t  g roup  inc ludes  i r o n - b a s e  m a te r i a l s  con ta in ing  l e s s  
th a n  20 p e r c e n t  a l lo y .  H e re  the t e r m  a llo y  Is u sed  to  inc lude  a ll  
e le m e n ts  not g e n e ra l ly  found in  the n o rm a l  ran g e  fo r  s te e l .  The 
h a rd s u r fa c in g  a l lo y s  in  th is  g roup  g e n e ra l ly  ru n  f ro m  5 to  14 p e r ­
cen t  a l lo y .  The e le m e n ts  com m only  u sed  a r e  c h ro m iu m , m a n g a n ­
e s e ,  and  s i l ic o n ,  in  ad d it io n  to  h igh c a rb o n  and s m a l l  q u an ti t ie s  of 
tu n g s te n ,  m o ly b d en u m , and  n ic k e l .  The a lloy  is  d es igned  to have 
r e la t iv e ly  h igh  h a r d n e s s  com bined  w ith  toughness  to r e s i s t  m o d e r ­
a te  im p a c t .
The second  g roup  of a l lo y s  c o n s is t s  of i r o n - b a s e  m e ta ls  w ith
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m o re  than  20 p e r c e n t  a l loy ing  c o n s t i tu e n ts . T h ese  c o n s ti tu en ts  m ay  
inc lude  c h ro m iu m , tu n g s te n ,  m olybdenum , n ickel , c o b a lt ,  b o ro n ,  
m a n g a n e s e ,  s i l ic o n ,  van ad iu m , and z i rc o n iu m .  The a lloys  in  th is  
g roup  a r e  g e n e ra l ly  h a r d e r  and  m o re  r e s i s t a n t  to  a b ra s io n  th an  G roup 
I a l lo y s ,  but do not p o s s e s s  a s  h igh a d e g re e  of shock  r e s i s t a n c e .
The th i rd  group  of h a rd s u r fa c in g  a lloys  inc ludes  n o n fe rro u s  a l lo y s .  
The p r in c ip a l  in g re d ie n ts  a r e  co b a lt ,  c h ro m iu m , and tu n g s te n ,w ith  
s m a l l  am oun ts  of c a rb o n ,  s i l ic o n ,  m a n g a n e s e ,  and b o ro n .  The a lloys  
in  th is  g roup  a r e  p ro d u ced  in  m o re  than  one g ra d e  o r  ran g e  of h a r d ­
n e s s .  The s o f te r  g ra d e  h as  good a b r a s io n  r e s i s t a n c e ,  but h as  l e s s  
r e s i s ta n c e  to s e v e re  im p a c t  and  th e rm a l  shock .
The fo u r th  g roup  of h a rd s u r fa c in g  a lloys  co n s is teo f  v a r io u s  s iz e s  
of tu n g s ten  c a rb id e  p a r t i c le s  in a s te e l  m a t r ix .  The p a r t ic le s  of 
tu n g s te n  c a rb id e  a r e  a c c u ra te ly  s c re e n e d  to  n e a r ly  any m e s h  s iz e  
d e s i r e d .  B e c a u se  tu n g s te n  c a rb id e  is not m e l te d  du r in g  the a p p l ic a ­
t io n  of the  a l lo y ,  the  d ep o s it  is  h e te ro g en eo u s  and the tu n g sten  c a rb id e  
p a r t i c le s  a r e  he ld  in  a s te e l  m a t r ix .  The a llo y s  in  th is  g roup  m u s t  be 
c o n s id e re d  s e p a ra te ly  f ro m  the o th e r  g roups  in  th a t  the G roup IV 
m a t e r i a l s  a r e  h e te ro g e n e o u s .
S e lec tio n
The h a rd s u r fa c in g  a l lo y s  th a t  w e re  u sed  on the b i ts  in  th is  w o rk  
w e re  m a n u fa c tu re d  by the Stoody Com pany of W h it t ie r ,  C a l i fo rn ia .
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The tirade n a m e s  u sed  by th is  com pany  a r e  em ployed  in  d es ig n a tin g  
the  v a r io u s  a l lo y s  t e s t e d .  The m o s t  ap p licab le  a llo y s  f ro m  each  
g ro u p  w e re  s e le c te d  fo r  in v e s t ig a t io n  and a r e  tab u la ted  be low .
G roup  I
Stoody S e lf -h a rd e n in g
G roup  II




G roup  IV
Stoody B o ro d  60 dn 
Stoody Tube B o r iu m  8 to  IQ -m esh  
Stoody Tube B o riu m  20 to 30-m e s h  
Stoody Tube B o r iu m  type G
In the  G roup  IV a l lo y s ,  the t e r m  b o r iu m  is  a  t r a d e  n am e  fo r  tu n g ­
s te n  c a rb id e  and the m e s h  s iz e s  ind ica te  the s iz e  of the tu n g s ten  
c a rb id e  p a r t i c l e s .  The t e r m  60 dn in d ic a te s  m in u s  6 0 -m e s h  m a t e r ­
ia l  and  type G in d ic a te s  a  c o n g lo m e ra t io n  of m e s h  s iz e s  not s c re e n e d  
to  any  p a r t i c u la r  s iz e  r a n g e ,  m inus  10- m e s h .  T h e se  ro d s  a r e  m a n ­
u fa c tu re d  by pu tting  the  v a r io u s  m e s h  s iz e s  of tu n g s te n  c a rb id e  p a r ­
t i c le s  in  f a b r ic a te d  s te e l  tu b e s .  The m e sh  s iz e s  w e re  s e le c te d  in 
o r d e r  to  c o v e r  th e  w hole ra n g e  of p a r t ic le  s i z e s .
P ro p e  r t i e s  of the D e p o i i t
The p r in c ip a l  a l lo y s  and the p r o p e r t i e s  of th e  w e ld ed  d ep o s its  of 
the  v a r io u s  a l lo y s  to  be in v e s t ig a te d  a r e  l i s t e d  on the following page 
(Stoody C om pany, 1954, pp . 5 -7 ;  S h a rp ,  1946).
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Stoody S e lf-h a rd e n in g
P r in c ip a l  A lloys:
C h ro m iu m  7%, m a n g a n e se  3 1/2%, <arbon 1 1/2%, w ith 
sm a l l  am o u n ts  of s i l ic o n ,  m o lybdenum , and z i rc o n iu m .  
I ro n  b a s e .
P r o p e r t i e s  of the  D eposit:
H a rd n e s s  - 54-57 Rockw ell C (by a rc )
M elting  P o in t  - 2525 F  
Specific  G rav ity  - 7 .8 0  
D e p o s its  a r e  m a g n e t i c .
A b ra s io n  R e s is ta n c e  - good 
Im p a c t  S tren g th  - v e ry  good 
W eldab ili ty  - good by e i th e r  a r c  o r  gas 
D e p o s its  a r e  fo rg e a b le .
C a s t  Stoodite
P r in c ip a l  A lloys:
C h ro m iu m  33%, m a n g a n e se  7%, c a rb o n  4%, w ith  sm a l l  
am o u n ts  of s i l ic o n  and  z i r c o n iu m .  I ro n  b a s e .
P r o p e r t i e s  of th e  D eposit:
H a rd n e s s  - 54-58  Rockw ell C 
M elting  P o in t  - 2420 F  
Specific  G rav ity  - 7 .7 0  
D ep o s its  a r e  n o n -m a g n e tic  
A b ra s io n  R e s is ta n c e  - v e ry  good 
Im p a c t  S tren g th  - f a i r  
C o r ro s io n  R e s is ta n c e  - good 
W eldab ili ty  -  good 
D ep o s i ts  a r e  not fo rg e a b le .
Stoody 6
P r in c ip a l  A llo y s :
C obalt  69%» c h ro m iu m  25%, tu n g s ten  5%, c a rb o n  1%, and 
a  s m a l l  am oun t of s i l ic o n .  Chill c a s t .  C obalt b a s e .
P r o p e r t i e s  of the  D eposit:
H a rd n e s s  - 41-43  Rockw ell C 
M elting  P o in t - 2325 F
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Specific  G rav ity  — 8 .3 8  
A b ra s io n  R e s is ta n c e  - good
Im p a c t  S tre n g th  - v e ry  good w ith  som e duc ti l i ty  
C o r ro s io n  R e s is ta n c e  - ex ce llen t  
H eat R e s is ta n c e  - v e ry  high, r e ta in s  h a rd n e s s  
a t  re d  h e a t .
W eldab ili ty  -  ex c e lle n t  by gas m e th o d .
D epos its  a r e  not f o rg e a b le .
Stoody 1
P r in c ip a l  A lloys:
C obalt 60%, c h ro m iu m  25%, tu n g sten  13%, and 
c a rb o n  2%. Chill c a s t .  Cobalt b a s e .
P r o p e r t i e s  of the  D eposit:
H a rd n e ss  -  53-55 Rockw ell C 
M elting Po in t - 2275 F  
A b ra s io n  R e s is ta n c e  - v e ry  good.
Im p a c t  S tre n g th  - f a i r  
C o r ro s io n  R e s is ta n c e  - e x ce llen t  
H eat R e s is ta n c e  - v e ry  h igh , r e t a i n s  h a rd n e s s  
and  w e a r  r e s i s t a n c e  a t  r e d  h e a t .
W eldab ili ty  - e x c e l le n t  by gas m e th o d .
D ep o s its  a r e  not fo rg e a b le .
Stoody B orod
P r in c ip a l  A lloys:
B o r iu m  (p u re  tu n g s te n  ca rb id e )  in  i r o n  b a s e .  
F in e  p a r t ic le s  (m in u s  6 0 -m e sh )  in fa b r ic a te d  
s te e l  t u b e s .
P r o p e r t i e s  of the  D eposit:
H a rd n e s s  - b o r iu m  p a r t ic le s  in  m a t r ix ,  9 -10  
on Mohs s c a le .
S tee l m a t r ix  is  m ag n e tic  , b o r iu m  p a r t i c le s  a r e  
n o n - m a g n e t ic .
A b ra s io n  R e s is ta n c e  - ex ce llen t  
Im p a c t  S tre n g th  - good 
C o r r o s io n  R e s is ta n c e  - f a i r  
W e ld ab il i ty  -  e x ce l len t  
D ep o s its  a r e  not fo rg e a b le .
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Stoody Tube B orium
P r in c ip a l  A lloys:
B o riu m  (p u re  tu n g s ten  ca rb id e )  in  i ro n  b a s e .
V ario u s  m e s h  s iz e s  in  f a b r ic a te d  s te e l  tu b e s .
P r o p e r t i e s  of the D eposit:
H a rd n e s s  - b o r iu m  p a r t i c l e s , 9 -10  on M ohs s c a le .
S teel m a t r ix  is  m a g n e t ic ,  b o r iu m  p a r t ic le s  a r e  
n o n - m a g n e t ic .
A b ra s io n  R e s is ta n c e  - ex ce llen t  
Im p a c t  S tren g th  - good 
C o r ro s io n  R e s is ta n c e  - f a i r  
W eldab ili ty  -  ex c e lle n t  
D ep o s its  a r e  not fo rg e a b le .
M ic r o s t r u c tu r e
H a rd su r fa c in g  a l lo y s  cannot be c o m p a re d  on a  Rockw ell 
h a r d n e s s  b a s is  and i t  is  d iff icu lt  to  c o m p a re  a l lo y s  f ro m  an  
a n a ly s is  of th e i r  c o n s t i tu e n ts .  The w e a r in g  c h a r a c t e r i s t i c s  of 
h a rd s u r fa c in g  d ep o s its  and  a  c o m p a r iso n  of the v a r io u s  a llo y s  
w ith  one a n o th e r  can  b e s t  be m ad e  th ro u g h  a  s tu d y  of th e i r  m ic r o -  
s t r u c t u r e .  (S harp , 1946).
Stoody S e lf -h a rd e n in g : The p h o to m ic ro g ra p h  F ig u re  1 Shows
the  s t r u c tu r e  of th is  a l loy  to be p s e u d o -m a r te n s i t i c  w ith  s c a t te r e d  
p a r t i c le s  of c h ro m iu m  c a rb id e  (the w hite a r e a s  a r e  the  com p lex  
c a rb id e ) .  A p s e u d o -m a r te n s i t i c  s t r u c tu r e  is  one th a t  is  s im i l a r  
to  the co m m o n  m a r te n s i t e  w hich  is  ob tained  by quenching  a high 
c a rb o n  s t e e l .  The re ta in e d  a u s te n i te  a c co u n ts  fo r  a n  in c r e a s e  in 
im p a c t  r e s i s ta n c e  o v er  th a t  of h e a t - t r e a t e d  p la in  c a rb o n  s te e l  of 
the  s a m e  h a r d n e s s .
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FIGURE I. STOODY SEL F-H A RD E N ­
ING (IOOO X).
FIGURE 2.  CAST STO ODITE ( 5 0 0 X ) .
F I G U R E  3. STOODY 6 ( 5 0 0 X ) .
FIGURE 5. TUBE BORIUM (90  X).FIGURE 4.  STOODY I ( 5 0 0  X).
COURTESY OF THE  STOOOY COMPANY (SHARP,  1 9 4 6 ) .
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The r e s i s ta n c e  to  a b r a s io n  m ay  be a t t r ib u te d  to the p r e s e n c e  of c h r o ­
m iu m  c a rb id e  p a r t ic le s  d is t r ib u te d  th roughou t the m a s s .
C a s t  S toodite; The p h o to m ic ro g ra p h  F ig u re  2 shows the  s t r u c tu r e  
of c a s t  S to o d ite , a  G roup  II a l lo y .  The w hite  i s la n d s  a r e  a com plex  
c h ro m iu m  c a rb id e ,  and  the  m a t r ix  c o n s is ts  of m o s t  of the  i ro n  and 
m a n g a n e se  w ith so m e  of the  c h ro m iu m  d isso lv e d  in  the  i ro n  . A ctually  
th e  i s la n d s  a r e  n eed le s  in te rm ix e d  a t  a l l  a n g le s .  The a lloy  is  c o n ­
s id e r e d  a s  a  hom ogeneous m ix tu re ,  but a c tu a l ly  it  is  a tw o -p h a se  
m a te r i a l  w ith  h a rd  c h ro m iu m  c a rb id e s  he ld  in  a  r e la t iv e ly  h a r d  m a t r ix .  
The b ru n t  of the w e a r  lo ad  is  tak en  by the ch ro m iu m  c a rb id e .  T h e se  
p a r t i c le s  have  su ff ic ien t s t r e n g th  and back ing  so a s  not to b r e a k  off 
o r  c ru m b le  when su b je c te d  to  s lid ing  a b r a s io n .
Stoody 6: The p h o to m ic ro g ra p h  F ig u re  3 shows the s t r u c tu r e  of 
Stoody 6 . A ctua lly  two p h a se s  a r e  r e p r e s e n te d .  The g ra y  co n s ti tu en t  
is  a  com p lex  c h ro m iu m  c a r b id e ,  the  d a r k e r  a r e a s  a r e  a  com plex  
tu n g s te n  c a rb id e  com pound , and  the w hite b ackground  o r  m a t r ix  is  the 
c o b a lt  con ta in ing  so m e  of the  c h ro m iu m  and tu n g s te n  in  so l id  so lu tion  
f o r m .  The p r e s e n c e  of the  c a rb id e s  is  the  m a jo r  co n tr ib u tin g  fa c to r  to  
w e a r  r e s i s t a n c e .
Stoody 1: The p h o to m ic ro g ra p h  F ig u re  4 shows the  s t r u c tu r e  of 
Stoody 1, a  s i s t e r  m e ta l  to  Stoody 6. The m a jo r  change in  m ic r o -  
s t r u c t u r e  i s  a n  in c r e a s e  in  the am ount of tu n g s ten  c a rb id e  p r e s e n t .  The 
p r e s e n c e  of the c a rb id e s  is  the m a jo r  co n tr ib u tin g  fa c to r  to w e a r  
r e s i s t a n c e .
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Stoody Tube B orium : The p h o to m ic ro g ra p h  in  F ig u re  5 shows 
the  m ic r o s t r u c tu r e  of tube b o r iu m .  The p a r t ic le s  of tu n g s te n  c a r ­
b ide  (borium ) a r e  em bedded  in  a  re la t iv e ly  soft m a t r ix  of s te e l .  B e ­
c a u s e  the tu n g s ten  c a rb id e  h as  a  m e ltin g  point of a p p ro x im a te ly  4600 
F ,  v e ry  l i t t le  of the c a rb id e  d is s o lv e s  in  the m a t r ix  du r ing  the a p ­
p l ic a t io n .  In n o rm a l  a p p l ic a t io n ,  l e s s  than  5 p e rc e n t  of the  c a rb id e  
w ill  d is s o lv e .  S m all ad d it io n s  of tu n g s ten  an d  c a rb o n  to  the  s te e l  
m a t r i x  i n c r e a s e  the  h a r d n e s s  v e ry  m a rk e d ly ,  p rov id ing  a  h a r d e r  
b inding  m a te r i a l  fo r  the  c a rb id e  p a r t i c l e s . Two com pounds a r e  
fo rm e d  in  the tu n g s te n -c a rb o n  s y s t e m . The f i r s t  is  W2C , w hich has  
a  h igh h a rd n e s s  w ith r e la t iv e ly  good to u g h n e ss ,  and  WC, w hich  h a s  
e x t r e m e ly  high h a rd n e s s  and  is  v e ry  b r i t t l e .  The two a llo y s  c o m ­
bine in  so lid  so lu tion  to  give an  a lloy  w hich h as  r e la t iv e ly  good 
to u g h n ess  and v e ry  h igh  h a r d n e s s .
A ll h a rd s u r fa c in g  d e p o s its  a r e  h e te ro g e n e o u s .  They a r e  m ade  
up of u n ifo rm ly  d is t r ib u te d  p a r t ic le s  of v a r io u s  c a rb id e s  h e ld  in  a 
s o f te r  m a t r ix .  H o w ev er ,  in  the f i r s t  th re e  g roups  the  p a r t ic le s  a r e  
so  s m a l l  th a t  th e se  m a te r i a l s  can  be c o n s id e re d  a s  hom ogeneous fo r 
a l l  p r a c t i c a l  p u r p o s e s .  It is  the m ic ro h a rd n e s s  of the h a r d  c o n s t i t ­
uen ts  in  the  s t r u c t u r e ,  t h e i r  d is t r ib u t io n  and  s iz e ,  w hich  acco u n t fo r  
an  in c r e a s e d  r e s i s ta n c e  to  w e a r  over  p la in  c a rb o n  s t e e l s . The e l e ­
m e n ts  th a t  co n s ti tu te  the  m a t r ix  m a te r ia l  d e te rm in e  o th e r  phys ica l  
c h a r a c t e r i s t i c s  su ch  a s  r e s i s ta n c e  to  im p a c t  (S h arp , 1946).
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FABRICATION OF EX PER IM EN TA L BITS
The b i ts  u sed  in  th is  in v e s t ig a t io n  a r e  m u l t i -u s e  s te e l  b i ts  m a n u ­
fa c tu re d  by the T im k en  R o lle r  B e a r in g  C om pany . The b i t ,  to g e th e r  
w ith  the n o m e n c la tu re  ap p lied  to  i t s  v a r io u s  p a r t s ,  i s  shown in  F ig u re  
6 (L e w is ,  1941, p . 141). The sp e c if ic a t io n s  fo r  the  b it  u sed  a r e  l i s ­
te d  below .
S pec if ica tio n s  of B it
Gauge - 1 5 /8  in c h e s .
C onnec tion  - H -type  th r e a d .
F lu sh in g  hole  -  s id e .
Wings - fo u r-w in g  c r o s s  b i t .
A lloying e le m e n ts  - c a rb o n  1.00%, m a n ­
g an ese  0 .35% , w ith  t r a c e  am oun ts  of 
c h ro m iu m  and n icke l and o th e r  e le m e n ts  
in  re s id u a l  am o u n ts  .
T h e se  b i ts  w e re  u sed  fo r  the  conventional s te e l - b i t  t e s t s  as  w ell a s  in
the  f a b r ic a t io n  of the e x p e r im e n ta l  b i t s .
P r e p a r a t io n  of the B it
In the p r e p a ra t io n  of the  b it  fo r  the ap p lica t io n  of the  h a rd s u r fa c in g  
a l lo y ,  the  cu tting  edges  w e re  g round  f la t  a  d is ta n c e  of 1/16 in ch  f ro m  
the  o r ig in a l  edge to w ard  the s e a t  of the b i t .  The r e a m in g  edges  w e re  
g round  a t  a n  ang le  of 45 d e g re e s  to the cu tting  edge and a  depth  of 3 /16  
inch  to w a rd  the s e a t  of the b it  on the r e a m in g  ed g e . A N orton  a lundum  
w heel ( s to ck  n u m b e r  A36-RV) w as u sed  to do the g r in d in g .
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REAMING E D G E S
SIDE HOLE
C U T T IN G  E D G E S
REAMING POINTS
CL EA RANC E GROOVE
WING T H I C K N E S S




ANGLE OF CUTTING 
EDGES
DOUBLE TAPER ANGLE
SINGLE T A P E R  ANGLE
SEAT OF BIT
ELE V A TIO N
FIGURE 6  
ROCK DR ILL  BIT  NOMENCLATURE
Ik
An a l te r n a te  m ethod  of p r e p a ra t io n  w as t r i e d , but p ro v ed  un­
s u c c e s s fu l .  S lots 1/8 inch  wide w e re  m ade  in  the cu tting  edges 
fo r  a  depth  of 5 /3 2  in ch  to w ard  the  s e a t  of the b it  f ro m  the  o r ig in a l  
cu tt in g  ed g e . H ow ever ,  th is  m ethod  did not w ork  out s a t i s fa c to r i ly :  
the  th in  v e r t ic a l  edges  a long  the  s lo ts  fused  du r ing  the  w e ld ing , 
flow ed in to  the s lo ts  when the h a rd su r fa c in g  a lloy  w as a p p l ie d ,  and 
so  c a u se d  d ilu tion  of the a l lo y .  A Bay S ta te  1/8 inch  S a f - t - c u t  
w hee l (s to ck  n u m b e r  A - 24 U1 4B YG) w as used  to  cu t the s lo t .  F ig -  
g u re  7 i l l u s t r a t e s  the  two m e th o d s  of p re p a r in g  the s te e l  b it  fo r  the 
ap p l ic a t io n  of the a llo y s  a long w ith  the s ta n d a rd  s te e l  b i t .  N u m b er  
1 i s  the  m u l t i -u s e  s te e l  b i t ,  n u m b e r  2 is  the s lo t te d  b i t ,  and  n u m ­
b e r  3 i s  the f la t-g ro u n d  b i t .
The m e ta l  th a t  w as re m o v e d  f ro m  the o r ig in a l  b it  w as  r e p la c e d  
by the  add it io n  of a  w elded  b ead  of h a rd s u r fa c in g  a l lo y .  The w e ld ­
ing w as  done by M r .  R o b e r t  C ra ig ,  J r .  , of the U nited  S ta te s  W eld­
ing W o rk s ,  D e n v e r ,  C o lo ra d o ,  using  a n  o x y -a c e ty le n e  to r c h  w ith  a 
P r e s tw e ld  W 121 w eld ing  t ip .  A f te r  the  h a rd s u r fa c in g  a l lo y  had  
so lid if ied  and  co o led , the  b i ts  w e re  ground  to  th e i r  o r ig in a l  s iz e  and 
shap e  on a  G a rd n e r -D e n v e r  m odel G - l  b it  g r in d e r  u s ing  a  N orton  
a lundum  w heel (s to ck  n u m b e r  A36-JL5VBE). F ig u re  8 i l l u s t r a t e s  the 
th r e e  s ta g e s  in  the  dev e lo p m en t of the h a r d s u r f a c e d  b it  . It shows 
the  b i t  p r e p a r e d  fo r  h a rd s u r fa c in g ,  the  h a r d s u r f a c e d  b i t  w ith  the 
b ead  of a l lo y  ap p lie d ,  and  the  h a rd s u r fa c e d  b it r  eg round  and  re a d y  














































H eat* t r e a tm e n t
Since the h a rd n e s s  and  m i c r o - s t r u c t u r e  of the f i r s t  th r e e  g roups 
of h a rd s u r fa c in g  a l lo y s  a r e  v i r tu a l ly  unaffected  by h e a t - t r e a tm e n t  
(S h a rp ,  1946), the p r im a r y  p u rp o se  of h e a t - t r e a tm e n t  w as to p re v e n t  
f a i lu re  of the o r ig in a l  b i t  c a u se d  by the te m p e r  being  d raw n  f ro m  the  
b i t  d u r in g  the a p p lic a t io n  of the h a rd s u r fa c in g  a l lo y s .  H ow ever,  in 
the  f i r s t  d r i l l in g  t e s t s  co n d u c ted , the  o r ig in a l  b it  show ed no s ig n s  of 
f a i lu r e .  T h e r e a f t e r ,  the b i ts  w ith  th e se  a l lo y s  w e re  not h e a t - t r e a t e d .
The G roup IV a l lo y s  w e re  t e s t e d  two w ays: 1. w ithout any h e a t -
t r e a tm e n t  su b seq u en t to  the  a p p l ic a t io n  of the a l lo y ,  and  2. w ith  
h e a t - t r e a tm e n t  a s  u sed  by the U . S . B u reau  of M ines a t  R if le ,  C o lo ­
r a d o .  The techn ique  u se d  a t  R ifle  w as a s  follows ( E r t l ,  W ag n er ,  
B u rg h , 1948): f i r s t  the b i ts  w e re  h e a te d  a t  a  t e m p e r a tu r e  of 1450 F  
fo r  ha lf  an  hou r; seco n d ,  they  w e re  quenched  in  3 /8  inch  of w a te r  a t  
ro o m  t e m p e r a tu r e ;  th i r d ,  they  w e re  coo led  in  a i r  until  a t  ro o m  t e m ­
p e r a tu r e ;  and fo u r th ,  they  w e re  annealed,^at a  t e m p e r a tu r e  of 300 F  
fo r  one h o u r  to  r e l ie v e  s t r e s s e s  c a u se d  in  quenching .
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TEST DRILLING
L o c a tio n
The t e s t  d r i l l in g  w as  done a t  the C o lo rado  School of M ines E x ­
p e r im e n ta l  M ine lo c a te d  a t  Idaho Springs  , C o lo ra d o .  A w ork ing  
face  w as s e le c te d  a long  the r ib  of d r i f t  MB-Left'*  off the  M iam i T un­
n e l .  The face  a p p e a re d  to  be un ifo rm  and  la r g e  enough to p e r m i t  
the te s t in g  of a l l  of the  b i ts  a t  one lo c a t io n .
E qu ipm en t
A G a rd n e r -D e n v e r  d r i f t e r  m odel D -79 w as used  to  do a l l  of the 
t e s t  d r i l l in g .  The sp e c if ic a t io n s  of the d r i l l  a r e  l i s t e d  below:
S p ec if ica tio n s  of M odel D -79 D r i f t e r
W eight -  88 l b s .  ( le s s  m ounting)
Chuck - 1 i n . , c o l la re d  
M ounting - S F ,  w ith  hole s p o t te r  
P is to n  d ia m e te r  - 3 in .
The d r i l l  w as m ounted  on a  b a r  su p p o rte d  by two co lum ns a p p ro x ­
im a te ly  6 fee t  a p a r t .  The s e t - u p  is  i l l u s t r a t e d  in  F ig u re  9 .
O n e - in c h ,  hollow , c o l la re d  s te e l ,  4 fee t  long w ith  a  hexagonal 
c r o s s - s e c t i o n  w as u sed  in  the t e s t  w o rk .  The s te e l  w as m a n u ­
fa c tu re d  by the  G a rd n e r -D e n v e r  Com pany (s tock  n u m b e r  T H -4 8 F ) .
A 4 1 /2 - in c h  type 1DP M a rs h  p r e s s u r e  gauge g ra d u a te d  in  tw o- 
pound in c r e m e n ts  f ro m  0 to  100 w as u sed  to  m e a s u r e  the a i r  p r e s ­
s u re  a t  the m a c h in e .  It w as f it ted  in to  a  1-inch  tee  be tw een  the  a i r  
h o se  f ro m  the  2 - in c h  a i r  l in e  and the o i l e r .  The wye h o se  to  the
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m ach in e  and feed  m o to r  w as  conn ec ted  to  the o th e r  end of the  o i le r  . 
S ince the feed m o to r  u s e s  v e ry  l i t t le  a i r  (about 8 cubic  fee t  p e r  
m in u te ) ,  i t  w as a s s u m e d  th a t  it  would have l i t t l e  e ffec t on the  a c c u r ­
a cy  of m e a s u re m e n t  of the  p r e s s u r e  a t  the m a c h in e .
A s top  w a tch  g ra d u a te d  to  1/100 m inu te  w as u sed  to  t im e  the 
d r i l l in g  r u n s .  The le n g th s  of the d r i l l in g  ru n s  w e re  m e a s u re d  w ith 
a  6~foot s te e l  ta p e .
P r o c e d u re
In o r d e r  to  a r r i v e  a t  a  c o m p a r is o n ,  i t  w as dec ided  to  ru n  the 
s te e l  b i ts  to  t h e i r  e co n o m ica l  d r i l l in g  l im i t ,  d e te rm in e d  by a  p r e ­
l im in a ry  t e s t ,  and  use  th is  d is ta n c e  a s  a  s ta n d a rd  in  the te s t in g  of 
a l l  of the b i t s .  T h is  d is ta n c e  w as 36 in ch es  in  the ro c k  in  w hich  the 
t e s t  d r i l l in g  w as c a r r i e d  o u t .
The ho les  w e re  c o l la r e d  w ith  a  s e p a ra te  s te e l  d r o s s - b i t  having 
a n  H -type  th re a d e d  co nnec tion  to  a  depth  of f ro m  1 to  2 in c h e s .  A 
s e p a r a te  d r i l l  s te e l  f ro m  th o se  u sed  in  the  t e s t s  w as em ployed  fo r  
c o l l a r in g .
The t e s t  h o le s  w e re  d r i l l e d  a s  n e a r ly  h o r iz o n ta l  a s  p o ss ib le  
w ith  a  sp ac in g  of a p p ro x im a te ly  4 in ch es  c e n te r  to  c e n te r .  A f te r  the 
c o l la r in g  of the h o l e s , the  s te e l  w ith the b it  to be t e s te d  w as put in  
the  m ach in e  and the  b i t  w as  ru n  up a g a in s t  the face of the  c o l la r e d  
h o le .  The p o s it io n  of the  m ach in e  w as m a rk e d  on the  feed  sh e ll  w ith
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F I GURE 9.  S E T - U P  OF EQUI PMENT.
F I GUR E  10. C O L L E C T I O N  OF CUTTINGS.
20
k e e l ,  and  o th e r  m a r k s  w e re  m ad e  a t  points  18 and  36 in ch es  down the 
sh e l l  to in d ica te  the  m idpo in t and  the final depth  of hole  to  be d r i l le d .
The d r i l l  w a te r  va lve  w as  then  tu rn e d  on a l l  of the  way and the  feed 
l e v e r  w as tu rn e d  to  a  p o s i t io n  one th i rd  of the  d is ta n c e  be tw een  "off" 
and  "full feed'*-. The d r i l l  th ro t t le  w as then  opened a l l  of the way and 
a t  the sa m e  t im e  the  s top  w atch  w as s ta r t e d ,  r e c o rd in g  the d r i l l in g  
t im e .  D uring  the d r i l l in g  p e r io d  the  high and low a i r  p r e s s u r e s  w e re  
o b se rv e d  and the d r i l l - t im e  a t  the 18-inch  m a r k  w as no ted . When the 
s t ip u la te d  d is ta n c e  had  b een  d r i l l e d ,  the m ach in e  and  the w a tc h  w e re  
s topped  s im u l ta n e o u s ly . The depth  d r i l le d ,  the  d r i l l in g  t im e s ,  and 
the  h igh and low a i r  p r e s s u r e s  w e re  r e c o rd e d  a long  w ith  the a p p r o ­
p r ia te  t e s t  n u m b e r .  The b i t  w as then  re m o v e d  f ro m  the d r i l l  s te e l  
and  tagged  w ith  i t s  t e s t  n u m b e r .
Sludge s a m p le s  w e re  tak en  fo r  s c r e e n  a n a ly s is  f ro m  e v e ry  th i rd  
hold  d r i l le d  w ith  each  type of b i t .  In o r d e r  to  c o l le c t  the c u t t in g s ,  an  
8 - in c h  leng th  of 2 - in c h  d ia m e te r  au tom ob ile  r a d ia to r  hose  w as in s e r t e d  
in  the c o l la r e d  ho le  and  the  t e s t  hole w as d r i l l e d  in s id e  i t .  If n e c e s s a r y ,  
a  r a g  could  be w ra p p e d  a ro u n d  the ou ts ide  of the  h o se  b e fo re  i t  w as 
p la c e d  in  the  hole  in  o r d e r  to  wedge i t  t ig h tly .  The cu tt ings  r a n  out of 
the  h o se  f ro m  a ro u n d  the d r i l l  s te e l  and w e re  caugh t in  a  bucke t p laced  
d i r e c t ly  b e n e a th .  The a r r a n g e m e n t  fo r  the  c o l lec t io n  of the cu tt ings  is  
i l l u s t r a t e d  in  F ig u re  10.
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The t e s t  ho les  fo r  the v a r io u s  types  of b i ts  w e re  s p re a d  out 
a c r o s s  the  d r i l l in g  face  so  th a t  any  i r r e g u l a r i t i e s  en c o u n te re d  in  
the ro c k  would be p a r t ia l ly  acco u n ted  fo r  by a v e ra g in g  the to ta l  
n u m b e r  of ru n s  fo r  e a c h  type of b i t .
22
DISCUSSION OF TEST RESULTS
B a s is  fo r  C o m p a r iso n
The p e r fo rm a n c e  of the  v a r io u s  a l lo y s  u sed  on the cu tting  edges  
of the b i ts  w ill  be c o m p a re d  on the b a s is  of d r i l l in g  sp e e d ,  b it  w e a r ,  
and  s c r e e n  a n a ly s e s  of the  c u t t in g s .
D r i l l in g  Speed : The d r i l l in g  sp eed  fo r  the  b i ts  te s te d  w as c a l ­
c u la te d  f ro m  the t im e  r e q u i re d  to  d r i l l  a  p r e -d e te r m in e d  d is ta n c e  
{36 in c h e s ) .  The d is ta n c e s  and  t im e  w e re  r e c o rd e d  a s  d e s c r ib e d  
u n d e r  T e s t  D r i l l in g .
B it W e a r : Due to  the  fac t  tha t the h a rd s u r fa c e d  b i ts  w e re  p r e ­
p a r e d  by h and , the  d im en s io n s  of a l l  b i ts  w e re  a p p ro x im a te ly  the 
s a m e ,  but not e x ac t ly .  T h e re f o re ,  m e a s u re m e n t  of b it w e a r  
th ro u g h  th e  u se  of b it  d im en s io n s  (gauge and  lo s s  of height) would 
be h a r d  to  c o r r e l a t e .  In o r d e r  to  c o m p a re  th e  w e a r  of the  h a r d -  
s u r f a c e d  b i ts  w ith  one a n o th e r  and  w ith  the  s te e l  b i t s , two m eth o d s  
w e r e  u s e d .  F i r s t ,  the w eight of the  b i ts  b e fo re  and  a f te r  d r i l l in g  
w as  r e c o rd e d  and the lo s s  of w eight c a lc u la te d .  Second, pho to ­
g ra p h s  w e re  tak en  of the  b i ts  a f t e r  d r i l l in g .  It w as  fe lt  th a t  a  v isu a l  
c o m p a r is o n  th ro u g h  the u se  of p ho tog raphs  would be of the  m o s t  
value  in  co m p a r in g  the w e a r  on the b i t s . The b i ts  w e re  w eighed on 
a n  A in sw o rth  C h a in -o -m a tic  b a lan ce  to  0 .0 1  g r a m .  The pho to ­
g ra p h s  w e re  tak en  w ith  a  Canon m o d e l I I - F ,  35 m m  c a m e r a  equipped  
w ith  an  f 1 .8 ,  50 m m  le n s  and  a  Kodak plus 3 P o r t r a  su p p le m e n ta ry
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l e n s .
S c re e n  A n a ly s e s : S c re e n  a n a ly s e s  of the cu tt ings  w e re  ru n  using  
T y le r  s ta n d a rd  te s t in g  s ie v e s  (W. S . T y le r  C o . ,  1952). The T y le r  
s ta n d a rd  s c r e e n  s c a le  w as u sed  w ith  m e s h  s iz e s  rang ing  f ro m  6 to  
2 0 0 -m e s h .  The t e s t s  w e re  ru n  on d r ie d  cu ttings  a f t e r  the o r ig in a l  
s a m p le  h as  been  sp li t  in  a  J o n e s  r if f le  to a p p ro x im a te ly  200 g r a m s .
The s ie v e s  w e re  shaken  fo r  a  p e r io d  of 15 m in u te s  on a  T y le r  R o - ta p  
s ie v e  s h a k e r .  The p ro d u c ts  on the s c r e e n s  w e re  w eighed  on a  t r i p l e ­
b eam  b a lan ce  to  the n e a r e s t  0 .1  g ra m  and r e c o rd e d  on the s ludge s a m ­
ple  da ta  sh e e t  und er  the c o r re s p o n d in g  t e s t  n u m b e r .  F r o m  th is  in f o r ­
m a t io n ,  the p e rc e n t  and  the cu m u la tiv e  p e rc e n t  of each  f ra c t io n  w e re  
c a lc u la te d  fo r  the t e s t s .  T h is  in fo rm a tio n  w as a l s o  c a lc u la te d  fo r  the  
c o m p o s i te  of the s a m p le s  fo r  e ach  bit ty p e .
T e s t  R e su l ts
The c o m p a r iso n  of the  v a r io u s  a l lo y s  t e s te d  w ith  the m u l t i - u s e  
s te e l  b it  i s  d is c u s s e d  on the  following p a g e s ,  each  b it  type being 
t r e a t e d  s e p a r a te ly .  A s u m m a r y  of the t e s t  r e s u l t s  is  a l s o  m ad e  in  
t a b u la r  f o rm .  The co m p le te  d r i l l in g  r e c o r d  fo r  e ach  b i t  t e s te d  and 
the  s c r e e n  a n a ly s e s  of the cu tt ings  a r e  in  the A ppendix . Only the 
a v e ra g e  va lues  fo r  d r i l l in g  s p e e d ,  lo s s  of w eigh t,  and  m e a n  p a r t ic le  
s iz e  a long w ith  pho to g rap h s  w ill be u sed  in  m ak ing  the  c o m p a r iso n s  in  
th is  s e c t io n .
In o r d e r  to  iden tify  the v a r io u s  b i ts  in  the  p h o to g ra p h s ,  l e t t e r  
d e s ig n a tio n s  w e re  s e le c te d  to  r e p r e s e n t  the  s te e l  and  a llo y  b i t s .
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Bit D esigna tion
A - M u lt i -u se  S teel B it 
B -  Stoody B orod  (60 dn)
C - Tube B orium  (20-30)
D -  Tube B o riu m  (8-10)
E - Tube B orium  (type G)
F  - Stoody 6 
G - Stoody 1 
H - C a s t  Stoodite 
I - Stoody S e lf -h a rd e n in g
M ulti -  us e St e el Bit: A to ta l  of 12 t e s t s  w e re  ru n  to  a  depth  of 36 
in ch es  u s ing  the m u l t i - u s e  s te e l  b i t s .  The l a r g e r  n u m b e r  of t e s t s  
w as  ru n  to p e r m i t  the  u se  of the s te e l  b it being  used  a s  a  s ta n d a rd  in  
the  c o m p a r is o n  of the  v a r io u s  a l lo y s .  T e s ts  w e re  ru n  to  a  to ta l  depth 
of 72 in ch es  but had to be d iscon tinued  a f t e r  two ru n s  b e c a u se  the dull 
b i ts  w e re  cau s in g  p r e m a tu re  fa i lu re  of the d r i l l  s t e e l .  The a v e ra g e  
d r i l l in g  sp eed  fo r  depths of 18 and  36 in ch es  w as 22 .76  inches  p e r  
m in u te  and  2 1 .36  in ch es  p e r  m in u te  r e s p e c t iv e ly .  The a v e ra g e  lo s s  
of w eight of the 12 b i ts  fo r  the  36-inch ru n  w as 1 .98 g r a m s .  S c re e n  
a n a ly s e s  w e re  ru n  on cu tt ings  c o l le c te d  f ro m  four d if fe re n t  ho les  
( te s t s  3, 6, 9? and 12). The co m p o s i te  of th e s e  a n a ly s e s  show the 
m e a n  p a r t ic le  s iz e  to  be 0 .0060  inch (by in te rp o la t io n ) .
Stoody S e lf-h a rd en in g :  The t e s t s  ru n  w ith  the G roup I a l lo y ,  
Stoody s e lf -h a rd e n in g ,  w e re  l im i te d  b e c a u se  the  e x t r e m e  w e a r  e x h ib ­
i te d  by the b it  c a u se d  p r e m a tu r e  fa i lu re  of the  d r i l l  s te e l .  Only one 
of the  fou r  b i ts  te s te d  w as ru n  to  the  full depth  of 36 in c h e s .  The 
a v e r a g e  d r i l l in g  sp eed  fo r  the  f i r s t  18 in ch es  of depth  fo r  th r e e  b its  
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F I G U R E  II. T E S T  I, G R O U P  I, II,  AND III
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of 2 2 .7 6  in ch es  p e r  m inu te  ob ta ined  with the m u l t i -u s e  s te e l  b i t .  The 
lo s s  of w eight fo r  the one b i t  th a t  was run  the full 36 inches  w as l e s s  
than  fo r  the m u l t i - u s e  s te e l  b it  ru n  the s a m e  d is ta n c e .  This w as 
p ro b ab ly  due to  the  d e fo rm a tio n  of the a lloy  on the  b i t  which c a u se d  
i t  to  b eco m e v e ry  dull but a t  the s a m e  t im e  to  r e ta in  m o s t  of the  a l ­
loy  on the  b i t .  A s i l l u s t r a t e d  in  F ig u re  11 the  b it  w ith the s e lf -  
h a rd e n in g  a l lo y ,  nI M, ( te s t  1) w as  dulled  c o n s id e ra b ly  m o re  than  the 
m u l t i - u s e  s te e l  b i t ,  “A " ,  ( te s t  7). The p la s t ic  fa i lu re  of the h a r d -  
s u r f a c e d  b it  can  a lso  be s e e n .  No fa i lu re  in  chipping w as ex h ib ited .  
No s c r e e n  a n a ly s e s  w e re  ru n  on the cu ttings  b e c a u se  of the v e ry  poor  
d r i l l in g  r e s u l t s  ob ta ined .
C a s t  S to o d ite : Six t e s t s  w e re  run  using  the G roup  II a l lo y ,  c a s t  
S to o d ite .  The a v e ra g e  d r i l l in g  speed  fo r  a  depth  of 36 in ch es  fo r  the 
a l lo y  b it  w as  19 .84  in ch es  p e r  m inu te  a s  c o m p a re d  to  a  speed  of 21 .36  
in ch es  p e r  m in u te  ob ta ined  w ith  the m u l t i - u s e  s te e l  b i t .  The a v e ra g e  
lo s s  of w eigh t of the a l lo y  b it  fo r  the sa m e  t e s t s  w as 4 .7 6  g ra m s  c o m ­
p a re d  to  a  lo s s  of 1 .98 g ra m s  fo r  the m u l t i -u s e  s te e l  b i t .  As i l l u s ­
t r a t e d  in  F ig u re s  11 and  12, the b its  h a rd s u r fa c e d  w ith  c a s t  S toodite , 
MH n , ( te s t s  1 and  6) w e re  w o rn  c o n s id e ra b ly  m o re  on the re a m in g  e d ­
ges th an  the m u l t i - u s e  s te e l  b i t ,  "A11, in  the s a m e  f ig u re s  ( te s t s  7 and 
12). T h e re  w as a l s o  f a i lu r e  of the a lloy  in  ch ipp ing . H o w ev er ,  th e r e  
a p p e a re d  to  be no f a i lu re  of the  bond of the  a l lo y  to  the s te e l  b i t .  The 
s c r e e n  a n a ly s is  shows a  m e a n  p a r t ic le  s iz e  of 0 .0057  in ch  (by i n t e r ­
polation) fo r  the  a llo y  b it  w hich  is  s m a l l e r  th an  th a t  of 0 .0060  inch
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obta ined  with the m u l t i - u s e  s te e l  b i t .  This c o n f irm s  the l e s s  e ffic ien t 
cu tt ing  a c t io n  of the  a lloy  b i t .
Stoody 6: Only two t e s t s  of the Group III a l lo y ,  Stoody 6, w e re
ru n  to the full depth  of 36 in c h e s .  This  w as b e c a u se  the e x t r e m e  w e a r  
exh ib ited  by the b it  c a u se d  p re m a tu re  fa i lu re  of the  d r i l l  s t e e l .  The 
a v e ra g e  d r i l l in g  speed  fo r  the two t e s t s  w as 18.28 inches  p e r  m inu te  
w hich  is  c o n s id e ra b ly  below  the  a v e ra g e  of 2 1 .3 6  in ch es  p e r  m inu te  
ob ta ined  w ith the m u l t i - u s e  s te e l  b i t .  The a v e ra g e  lo s s  of w eight of 
the  two a llo y  b i ts  w as 2 .9 3  g ra m s  as  c o m p a re d  to  a  lo s s  of 1.98 
g ra m s  fo r  the m u l t i - u s e  s te e l  b i t .  The low lo s s  of w eigh t fo r the a l ­
loy  b i t  can  be a t t r ib u te d  to  the s l ig h t  d uc ti l i ty  of the  a llo y  and its  c o n ­
sequen t cold  flowing u n d e r  im p a c t .  This fa i lu re  is  i l l u s t r a t e d  v e ry  
w ell in  F ig u re  11 f,F M ( te s t  1). C o m p ared  to the m u l t i - u s e  s te e l  b i t ,  
nA ,f, ( te s t  7) in  the  s a m e  f ig u re  the a lloy  did not s tan d  up a t  a l l  w e ll .  
No s c r e e n  a n a ly s e s  w e re  ru n  on the cu ttings  b e c a u se  of the poor 
d r i l l in g  r e s u l t s  ob ta in ed .
Stoody 1: Six t e s t s  w e re  ru n  on the G roup III a l lo y ,  Stoody 1, to
a depth  of 36 in c h e s .  The d r i l l in g  speed  of 2 0 .6 0  inches  p e r  m inu te  
fo r  the  a l lo y  b i t  c o m p a re s  quite  fav o rab ly  w ith  th a t  of 2 1 .3 6  inches  
p e r  m in u te  fo r  the m u l t i - u s e  s te e l  b i t .  The a v e ra g e  lo s s  of w eigh t 
w as  1 .85 g ra m s  fo r  the a lloy  b it c o m p a re d  to  1 .98 g ra m s  fo r  the 
m u l t i - u s e  s te e l  b i t .  F ig u re s  11 and 12 HG M show th a t  the  w e a r  on 
the  a llo y  b it  and  the  m u l t i - u s e  s te e l  b i t ,  "A , , ) is  a p p ro x im a te ly  the 
s a m e .  A lso ,  th e r e  w as v e ry  l i t t le  f a i lu re  of the a l lo y  in  ch ipp ing .
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The co m p o s ite  m e a n  p a r t ic le  s iz e  of the  cu ttings  fo r the a lloy  b it  w as 
0 .0 0 6 0  in ch ,  the  s a m e  a s  th a t  obtained  w ith  the m u l t i -u s e  s te e l  b i t .
Stoody Borod: (60 dn): Two te s t s  w e re  run  on b its  of th is  a l lo y
th a t  had  not b een  h e a t - t r e a t e d .  T h ese  b its  showed ex ten s iv e  fa i lu re  
of the a lloy  in  chipping o r  sp a ll in g  a t  the bond of the a lloy  w ith the 
s te e l  b i t .  This  can  be a t t r ib u te d  in  p a r t  to  the  p o ss ib i l i ty  th a t  the b it  
i t s e l f  fa i led  by cold  flow ing. T h is  m o v em en t of the su p p o rt  u n d e r  the 
a llo y  can  c a u se  the sp a ll in g  and  ch ipp ing . F ig u re  15 MB M i l l u s t r a t e s  
the  type of f a i lu re  a f te r  d r i l l in g  36 in c h e s .  F u r th e r  t e s t s  w e re  not 
ru n  b e c a u se  the  e x t r e m e ly  p o o r  d r i l l in g  r e s u l t s  would c a u se  p r e ­
m a tu r e  fa i lu re  of the d r i l l  s t e e l .
Six t e s t s  w e re  ru n  on b its  th a t  had been  h e a t - t r e a t e d  a s  d e s c r ib e d  
p re v io u s ly  . The a v e ra g e  d r i l l in g  sp eed  of the h e a t - t r e a t e d  b it  w as 
2 0 .5 2  in ch es  p e r  m in u te  w hich  c o m p a re s  fav o rab ly  w ith th a t  of the  
m u l t i - u s e  s te e l  b it  (2 1 .3 6  in ch es  p e r  m in u te ) .  The a v e ra g e  lo s s  of 
w eigh t of the a lloy  b i ts  w as 2 .5 3  g ra m s  a s  c o m p a re d  to  1.98 gm s fo r  
the  m u l t i - u s e  s te e l  b i t .  F ig u re s  13 and 14 nB n ( te s ts  3 and 6) show 
the a llo y  b it  c o m p a re d  to  the  m u l t i -u s e  s te e l  b i t  MA M. They c o m p a re  
qu ite  fav o rab ly  in  r e g a rd  to  w e a r  and  v e ry  l i t t l e  chipping o r  sp a ll in g  
o c c u r r e d .  The c o m p o s ite  s c r e e n  a n a ly s is  of the cu tt ings  shows the 
m e a n  p a r t ic le  s iz e  to be 0 .0 0 6 2  inch (by in te rp o la t io n ) ,  w hich is  ju s t  
s l ig h tly  l a r g e r  th an  th a t  of the m u l t i -u s e  s te e l  b it  (0 .0060  inch ) .
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F ig u re  16 HB M show s the  h e a t - t r e a t e d  a l lo y  b i t  a f t e r  d r i l l in g  72 
in c h e s .  The b it  s t i l l  c o m p a re s  fav o rab ly  w ith  the m u l t i - u s e  s te e l  b i t ,  
bu t b e c a u se  both b i ts  w e re  beyond th e i r  d r i l l in g  l im i t  a t  th is  po in t,  
p r e m a tu r e  f a i lu re  of the  d r i l l  s te e l  o c c u r r e d .
Tube B orium  (20-30): One t e s t  w as ru n  w ith  th is  a l loy  on a  b it 
th a t  had not b een  h e a t - t r e a t e d .  The b i t  w as ru n  only 18 in ch es  and  
show ed the sa m e  type of fa i lu re  a s  Stoody B orod  {60 d n ) . T h is  is  i l ­
lu s t r a t e d  in  F ig u re  15 HC H ( te s t  7).
Six t e s t s  w e re  ru n  on the h e a t - t r e a t e d  b its  w ith  th is  a l lo y .  The 
a v e ra g e  d r i l l in g  sp eed  w as 2 0 .2 6  in ch es  p e r  m in u te  w hich  c o m p a re s  
fa v o ra b ly  w ith  th a t  of 2 1 .3 6  inches  p e r  m in u te  fo r  the  m u l t i - u s e  s te e l  
b i t .  H ow ever ,  the lo s s  of w eigh t of the a l lo y  b i ts  a v e ra g e d  8 .1 2  g ra m s  , 
w hich  is  m u ch  m o re  th an  th a t  lo s t  by the  m u l t i - u s e  s te e l  b it  (1 .9 8  
g r a m s ) .  In F ig u r e s  13 and 14, the  a lloy  b i t ,  nC M, fa iled  by chipping 
o r  sp a ll in g  to so m e  e x te n t .  This m ay  have been  c a u se d  in  p a r t  by 
the  d islodg ing  of the p a r t ic le s  f ro m  the  m a t r ix  and the  conseq u en t 
f a i lu r e  of the r e la t iv e ly  so ft  m a t r ix  m a t e r i a l .  The co m p o site  s c r e e n  
a n a ly s is  shows the  m e a n  p a r t ic le  s iz e  to  be 0 .0055  inch  (by i n t e r ­
po la tio n ) .  T h is  is  s m a l l e r  th an  th a t  of 0 .0060  in ch  ob ta ined  w ith  the 
m u l t i - u s e  s te e l  b i t .
Tube B o r iu m  (8-10): One t e s t  w as ru n  on th is  a l lo y  on a  b it tha t 
had  not been  h e a t - t r e a t e d .  As i l lu s t r a t e d  in  F ig u re  15 nD M, th is  b it 
fa i le d  in  the s a m e  w ay a s  the  o th e r  n o n - h e a t - t r e a te d  b i ts  us ing  the 
G roup IV a l l o y s .
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The a v e ra g e  d r i l l in g  sp eed  of five h e a t - t r e a t e d  b i ts  fo r  a  depth of 
36 in ch es  w as 18.87 in ch es  p e r  m inu te  w hich is  c o n s id e ra b ly  l e s s  than  
th a t  of 2 1 .3 6  in ch es  p e r  m in u te  obtained w ith  the m u l t i - u s e  s te e l  b i t .  
The a v e ra g e  lo s s  of w eigh t w as the h ig h es t  of a l l  the  b i ts  t e s te d  (12 .91  
g r a m s ) .  T h is  h igh lo s s  of w eigh t can  be a t t r ib u te d  to the  type of 
f a i lu r e .  The la r g e  p a r t i c l e s ,  8 to 10- m e s h ,  of tu n g s ten  c a rb id e  a p ­
p e a r  to  have b een  d is lo d g ed  f ro m  the m a t r ix  and  thus to  have c au sed  
f a i lu r e  of the  r e la t iv e ly  so ft  m a t r ix  m a t e r i a l .  T h is  is  i l l u s t r a t e d  v e ry  
w e ll  in  F ig u re s  13 and  14 "D M. The c o m p o s ite  s c r e e n  a n a ly s is  shows 
the  m e a n  p a r t ic le  s iz e  to  be  0 .0049  inch  (by in te rp o la t io n ) ,  w hich is  
s m a l l e r  th a n  th a t  ob ta ined  w ith  the m u l t i -u s e  s te e l  b it  (0 .0060  inch) .
Tube B o r iu m  (type G): Two t e s t s  w e re  ru n  to the  36- in c h  depth  
on tube b o r iu m  b its  th a t  had  not been  h e a t - t r e a t e d .  T h ese  b i ts  showed 
the s a m e  type of fa i lu re  a s  the o ther  n o n - h e a t - t r e a te d  b i ts  f ro m  G roup 
IV . T h is  is  i l l u s t r a t e d  in  F ig u re  15 nE "  ( te s t  7).
Six t e s t s  w e re  ru n  on h e a t - t r e a t e d  b its  h a r d s u r f a c e d  w ith th is  a l ­
lo y .  The r e s u l t s  c o m p a re d  fav o rab ly  w ith  the m u l t i - u s e  s te e l  b i t .
The a v e ra g e  d r i l l in g  sp eed  w as 21 .38  inches  p e r  m in u te  and  the 
a v e ra g e  lo s s  of w eigh t w as  2 .8 2  g r a m s .  As i l l u s t r a t e d  in  F ig u re s  13 
and  14 nE M ( te s ts  3 and  6) the w e a r  on the b i t  c o m p a re s  fav o rab ly  
w ith  the m u l t i - u s e  s te e l  b i t  HA ” . T h e re  w as  so m e  fa i lu re  in  ch ipping 
o r  sp a l l in g ,  but th is  did not a p p e a r  to  a f fec t  the d r i l l in g  sp eed  to  
any  g r e a t  e x te n t .  The co m p o s i te  s c r e e n  a n a ly s is  show ed the  m e a n
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p a r t ic le  s iz e  to  be 0 .0063  inch  (by in te rp o la t io n ) ,  w hich is  l a r g e r  than  
th a t  o b ta in ed  w ith  the m u l t i - u s e  s te e l  b i t .
F ig u re  16 ME M ( te s t  1) show s the  a llo y  b it a f t e r  d r i l l in g  72 in c h e s .
At th is  depth  the  d r i l l in g  l im i t  of the  a lloy  b it had been  p a s s e d  and 
f a i lu r e  of the d r i l l  s te e l  o c c u r r e d  b e c a u se  of the e x c e s s iv e  d u lln ess  of 
the  b i t .
T u n g s ten  C a rb id e  In se r t :  P re v io u s  t e s t  w ork  w a s  c a r r i e d  out 
c o m p a r in g  the d r i l l in g  sp eed s  of the m u l t i -u s e  s te e l  b i t ,  h a r d s u r f a c e d  
b i t ,  and  tun g sten  c a rb id e  i n s e r t  b it  (C ole , 1956). The b i ts  w e re  of the 
sa m e  s iz e  and type a s  u sed  in  the te s t s  ju s t  d is c u s s e d ,  ex cep t th a t  
the  f lush ing  hole  w as a c e n te r  h o le .  The G roup IV h a rd s u r fa c in g  a llo y , 
tube b o r iu m  (30 d n ) , w as u sed  and  the b it  w as h e a t - t r e a t e d  as  
d e s c r ib e d  p re v io u s ly .  The t e s t s  w e re  ru n  in  a d if fe re n t  w ork ing  p lace  
and u n d e r  s lig h tly  d if fe re n t  conditions  than  the t e s t s  d i s c u s s e d  p r e ­
v io u s ly .  T h e re f o re ,  the  r e s u l t s  of the two s e ts  of t e s t s  cannot be c o m ­
p a re d  d i r e c t ly ,  but a  c o m p a r is o n  of the  th r e e  types  of b i ts  ru n  under  
the  s a m e  cond itions  should  be  of v a lu e . The d r i l l in g  sp eed  fo r  the f i r s t  
2 1 /2  m in u te s  of d r i l l in g  w as a v e ra g e d  fo r  each  b i t  type and is  tab u la ted  
on the following p ag e .
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Bit
N u m b er  
of T e s ts  
A v e rag ed
D ril l in g  Speed 
( in .  /m in )
M u lt i -u se  S teel 11 11.27
Tube B o riu m  (30 dn) 10 13.36
T ungs ten  C a rb id e  I n s e r t 1 18.8
A f te r  2 1 /2  m in u te s  of d r i l l in g ,  the m u l t i - u s e  s te e l  b i t  and the 
h a r d s u r f a c e d  b it  w e re  beyond th e i r  d r i l l in g  l im i t ;  hence  ex ten s iv e  
f a i lu r e  of the  d r i l l  s te e l  o c c u r r e d .  The tu n g s ten  c a rb id e  i n s e r t  b i t  
w as  ru n  a  to ta l  of 6 6 1 .5  in ch es  in  39 m in u te s  re s u l t in g  in  a n  a v e r ­
age  d r i l l in g  sp eed  of 17.0  in ch es  p e r  m in u te .  At th is  s tag e  the 
gauge and  cu tt ing  edges  w e re  w o rn  w ell p a s t  the poin t w h e re  the b it 
should  have b een  r e s h a r p e n e d .  It is  e s t im a te d  th a t  the econ o m ica l 
d r i l l in g  l im i t ,  b e fo re  r e s h a rp e n in g ,  fo r  the  m u l t i -u s e  s te e l  b it  and 
the  h a r d s u r f a c e d  b i t  w as  24 in ch es  and  th a t  fo r  the tu n g s ten  c a rb id e  
i n s e r t  b i t  w as  300 in c h e s .  T h u s ,  the tu n g s ten  c a rb id e  b it  d r i l le d
12.5 t im e s  a s  f a r  a s  the m u l t i - u s e  s te e l  b it  and the  h a rd s u r fa c e d  
b it  be tw een  s h a r p e n in g s .
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CONCLUSIONS
E igh t h a rd s u r fa c in g  a l lo y s  w e re  t e s te d  fo r  u se  on p e rc u s s io n  
d r i l l  b i t s .  Of th e s e ,  only th re e  c o m p a re d  fav o rab ly  with the 
m u l t i - u s e  s te e l  b it  in  p e r fo r m a n c e .  T h ese  a l loys  w e re  the G roup 
III a l lo y ,  Stoody 1, and  the G roup IV a l lo y s ,  Stoody Borod (60 dn) 
and  Stoody Tube B o r iu m  (type G) w hich had  been  h e a t - t r e a t e d .
It w as found tha t w ith  the G roup IV a l lo y s ,  the b e s t  r e s u l t s  
w e re  obtained  if  the b i ts  w e re  h e a t - t r e a t e d .  P ro b a b ly  the cold 
flowing of the n o n - h e a t - t r e a te d  b it  c au se d  fa i lu re  of the a lloy  and 
the  bond to the b it in  ch ipping  o r  sp a ll in g .
The G roup IV a l lo y s  w ith  the f in e r - g ra in e d  tu n g s te n  c a rb id e  
p a r t i c le s  stood  up b e t t e r  u n d e r  the im p a c t  load ing  than  the 
c o a r s e r  g ra in e d  a l lo y s .  The c o a r s e r - g r a in e d  a lloys  of th is  group 
a p p e a re d  to  fa il  th ro u g h  the d islodging  of the tu n g s ten  c a rb id e  p a r ­
t i c le s  f ro m  the m a t r ix  and  the su b seq u en t f a i lu re  of the so f te r  m a ­
t r i x  m a t e r i a l .  Thus m o re  p a r t ic le s  w e re  d is lo d g ed , and e x tre m e  
d u lln e ss  of the cu tting  edge r e s u l te d .  The b e t te r  d r i l l in g  p e r f o r ­
m a n c e  of the  f in e r - g ra in e d  a lloys  (60 dn and type G) over  the 
c o a r s e r - g r a i n e d  a llo y s  (20-30  and 8-10) m a y  a ls o  be a t t r ib u te d  to 
the  s u r fa c e  a r e a  of tu n g s te n  c a rb id e  th a t  w as p r e s e n t  on the cu tting  
edge of the b i t .  A m u ch  l a r g e r  su r fa c e  a r e a  of tu n g s ten  c a rb id e  
w as  on the cu tting  edge w hen the f in e r - g ra in e d  a lloys  w e re  u sed  in
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c o n t r a s t  to a  r e l a t iv e ly  s m a l l  a r e a  p r e s e n t  when c o a r s e r - g r a i n e d  
a l loys  w e r e  u se d .  The s a m e  a p p e a r s  to be t r u e  for  Stoody 1, the 
G roup  III a l lo y .  That i s ,  th i s  a l loy  has  a  m a r k e d ly  l a r g e r  am ount  
of h a r d  c a r b id e s  p r e s e n t  a s  c o m p a r e d  to i ts  s i s t e r  a l loy  Stoody 6. 
As i l l u s t r a t e d  v e r y  well  in  the  p h o to m ic ro g rap h s  of th e s e  a l lo y s ,  
F i g u r e s  3 and 4. This  b e a r s  out the s ta t e m e n t  m a d e  by Sharp  
(1946) to  the ef fec t  tha t  i t  i s  the m i c r o h a r d n e s s  of the h a r d  co n ­
s t i tu e n t s  in  the a l loy ,  t h e i r  d i s t r ib u t io n  and s i z e ,  which accoun t  
fo r  an  i n c r e a s e d  r e s i s t a n c e  to w e a r .
Although t h r e e  a l loys  which c o m p a r e d  favo rab ly  w i th  the 
m u l t i - u s e  s te e l  b i t  fo r  the f i r s t  36 inches  of d r i l l in g ,  they showed 
in su f f ic ie n t  advan tage  to w a r r a n t  the  t im e  and expense  of p r e p a r a ­
t io n ,  Upon d r i l l in g  a  to ta l  of 72 in c h e s ,  i t  was  found tha t  the a l ­
loy  b i ts  c a u sed  d r i l l - s t e e l  f a i lu r e  b e ca u s e  of e x c e s s iv e  du l lness  
j u s t  a s  the m u l t i - u s e  s te e l  b i ts  did.
As shown by p rev io u s  t e s t s  (Cole ,  1956) the tu n g s ten  ca rb id e  
i n s e r t  b i t  p e r f o r m s  b e t t e r  than  e i t h e r  the m u l t i - u s e  s te e l  b i t  o r  
th e  h a r d s u r f a c e d  b i t  in d r i l l in g  h a r d  r o c k .  The i n s e r t  b i t  d r i l l e d
12.5  t im e s  a s  f a r  be tw een  sh a rp e n in g s  and a t  a  h ig h e r  d r i l l ing  
r a t e  than  the m u l t i - u s e  s te e l  b i t  o r  the h a r d s u r f a c e d  b i t .  E ve n  
though the tungs ten  c a r b id e  i n s e r t  bi t  was  ru n  well  p a s t  the point 
w h e re  it  should  have  been  r e s h a r p e n e d ,  i t  exhibi ted  only a  slow 
and  un i fo rm  d e c r e a s e  in  d r i l l in g  sp e e d .  This  in d ica te s  th a t  the
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h a r d n e s s  of the  ca t t ing  edge h as  a  v e ry  i m p o r t a n t  inf luence on the 
d r i l l in g  speed  .
Although not a l l  of the h a r d s u r f a c in g  a l loys  w e r e  t e s t e d ,  i t  is  
doubtful tha t  any c o m m e r c i a l  h a r d s u r f a c in g  a l lo y s  a t  the p r e s e n t  
would  im p ro v e  the d r i l l in g  p e r f o r m a n c e  of p e r c u s s i v e  b i ts  in h a r d  
ro c k  to  any  g r e a t  ex ten t .  T h e r e f o r e ,  i t  a p p e a r s  th a t  the u se  of
h a r d s u r f a c in g  a l lo y s  on p e r c u s s i o n  d r i l l  b i t s  for  u s e  in h a r d  ro ck
!
of fe r s  no ad v an tag es  and  i s  not  eco n o m ica l ly  ju s t i f i a b le .
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A PPEN D IX
The de ta i led  d r i l l in g  r e c o r d s  and s c r e e n  a n a ly s e s  of the 
d r i l l  cu t t ings  a r e  tabu la ted  on the  following p a g e s .
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DRILLING RECORD
M u l t i -u se  Steel Bit
T e s t
N u m b e r
Depth
D r i l l e d
D r i l l ing
T im e
D ri l l ing
Rate
A i r
P r e s s u r eL. . ....
W eight” ’ 
s t a r t  
f in ish
L o s s  of 
W eight










22 .09  
23 .18  
23 .61














0 .70  
1.55 

























































































23 .08  
2 2 .22 84-88
193.45 








Stoody S e l f -h a rd en in g  Bit
T e s t
N u m b e r
Depth
D r i l l e d
D r i l l ing
T im e
D ri l l ing
Rate
A i r
P r e s s u r e
Weight
s t a r t
f in ish
L o s s  of 
Weight
inches m in . i n / m i n . ps ig g m s . g m s .
1 18.0 1. 10 16.36 191.89
36 .0 2 .40 15.00 86-90 190.24 1.65
2 18.0 0 .7 3 24 .66 195.26
29 .0 2 .05 14. 15 86-90 190.92 4 .3 4
3 14.5 1.59 9 .1 2 197.56
— - - - - 84-88 193.91 3.65
4 18.0 1.16 15.52 195.64
-  -
_ l
86-90 192.18 3 .46
k-2
DRILLING RECORD
C a s t  Stoodite Bit
T e s t
N u m b e r
Depth
D r i l l e d
D r i l l in g
T im e
D ri l l ing
Rate
A i r
P r e s s u r e
Weight
s t a r t
f in ish
L o s s  of 
Weight
in ch es m i n . i n / m i n . PSig g m s . g m s .
1 18.0 0 .7 3 24 .66 196.00
36 .0 1.62 2 2 .2 2 86-90 193.20 2 .8 0
2 18.0 0 .7 4 24 .32 197.34
36 .0 2 . 0 4 17.65 86-90 190.83 6 .5 1
3 18.0 1.20 15.00 197.63
2 8 .5 2 .2 0 16.36 84-88 190.21 7 .4 2
4 18.Q 0 .7 9 22 .78 195.11
36 .0 2. 14 16.82 84-88 191.39 3 .7 2
5 18.0 0 .87 2 0 .69 196.42
36 .0 1.80 20 .00 84-88 192.54 3 .88
6 18.0 0 .7 5 24 .00 193.66
36 .0 1.60 22 .50 84-88 189.41 4 .2 5
Avg. 18.0 21 .91 [Tests  1-6)




T e s t
N u m b er
Depth
D r i l l e d
D r i l l ing
T im e
D r i l l ing
Rate
A i r
P r e s s u r e
Weight
s t a r t
f in ish
L o s s  of 
W eight
inches m in . i n / m i n . ps ig g m s . g m s .
1 18.0 0 .9 5 18.95 192.83
36 .0 2 .0 0 18.00 84-88 190.19 2 .6 4
2 18.0 0 .9 8 18.37 194.89
36 .0 1 .94 18.56 82-86 191.70 3 .19
3 18.0 0 .7 5 2 4 .0 0 195*16
26 .0 1.87 13.90 86-90 192.19 2 .9 7
Avg. 18.0 20 .49*
(1 k  2) 36 .0 18.28 2 .9 3
^A v e rag e  of 1-3 .
Iiii1 1
d r i l l i n g  r e c o r d
Stoody 1 Bit
T e s t
N u m b e r
Depth
D r i l l e d
D r i l l ing
T im e
D ri l l ing
Rate
A ir
P r e s s u r e
W eight  
s t a r t  
f in ish
L o s s  of 
Weight
inches m in . i n / m i n . ps ig g m s . g m s .
1 18.0 0 .79 22 .78 202 .76
36 .0 1.55 23 .23 84-88 201 .26 1.50
2 18.0 0 .8 0 2 2 .5 0 194.30
36 .0 1.71 21 .05 82-86 192.57 1.75
3 18.0 0 .7 6 2 3 .68 194.99
36 .0 1.71 21 .05 84-88 193.52 1.47
4 18.0 1.00 18.00 197.56
36 .0 2 .2 5 16.00 84-88 195.30 2 .2 6
5 18.0 0 .7 4 24 .32 198.96
36 .0 1.73 20 .81 84-88 196.49 2 .47
6 18.0 0 .8 0 22 .5 0 192.73
36 .0 1.68 21 .43 84-88 191.09 1.64
Avg. 18.0 22 *30
(1-6) 36 .0 20 .60 1.85
K5
DRILLING RECORD
Stoody Borod  (60 dn) Bit
T e s t
N u m b e r
Depth
D r i l l ed
D r i l l in g
T im e
D ri l l ing
Rate
A i r
P r e s s u r e
Weight
s t a r t
f in ish
L o s s  of 
Weight
inches m i n . i n / m i n . ps ig g m s . g m s .
I 18.0 0 .8 8 20 .45 198.61
3 6 .0 1.68 21 .43 86-90 197.15 1.46
5 4 .0 2 .3 8 2 2 .68
7 2 .0 3 .11 23 .15 84-88 196.79 1.82
2 18.0 0 .8 3 21 .69 202.57
3 6 .0 1.71 2 1 .05 86-90 201 .00 1.57
5 4 .0 2 • 66 20 .30
72 .0 3 .5 4 2 0 .33 84-88 200 .02 2 .5 5
3 18.0 0 .8 9 2 0 .22 194.22
36 .0 1.89 19.05 86-90 192 .39 1.83
4 18.0 0 .95 18.95 199*27
3 6 .0 1.93 18.65 84-88 196.78 2 .4 9
5 18.0 0 .71 25 .35 207 .72
36 .0 1.62 22 .22 82-88 201 .80 5 ,9 2
6 18.0 0 .8 9 20 .22 202.62
36 .0 1 .74 20 .69 82-86 200 .68 .1 .94
A v g . 18.0 21 .15
I 1-6) 36 .0 2 0 .5 2 2 .5 4
5 4 .0
7 2 .0
7 18.0 0 .7 8 2 3 .08 207.65
36 .0 1 .74 20 .69 84-88 196.59 11.06
8 18.0 0 .8 0 2 2 .50 207 .89
36 .0 1.93 17.09 84-88 191*30 16.59
Bits  1-6 h e a t - t r e a t e d  
Bi ts  7&8 n o t  h e a t - t r e a t e d
I4.6
DRILLING RECORD
Tube B o riu m  (20-30) Bit
T e s t
N u m b e r
Depth
D r i l l ed
D r i l l ing
T im e
D ri l l ing
Rate
A i r
P r e s s u r e
Weight
s t a r t
f in ish
L o s s  of 
Weight
inches m in . i n / m i n . ps ig g m s . g m s .
1 18.0 0 .8 7 20 .69 202 .26
36 .0 1.75 20 .57 86-90 195.18 7 .0 8
2 18.0 0 .7 8 23 .08 205 .68
36 .0 1.65 21 .82 86-90 200 .33 5 .35
3 18.0 0 .9 3 19.35 203 .31
36 .0 1.92 18.75 86-90 195.26 8 .05
4 18.0 0 .9 5 18.95 204 .00
36 .0 2 .1 2 16.98 82-86 193.76 10*24
5 18.0 0 .7 0 25 .71 2 03 .34
36 .0 1.59 22 .6 4 82-88 194.87 8 .4 7
6 18.0 0 .8 5 21 .18 203 .76
36 .0 1.73 20 .81 82-86 194.29 9 .4 7
Avg. 18.0 21 .49
(1-6) 36 .0 20 .26 8 .11
7 18.0 1.19 15.13 215 .15
82-86 194.17 20 .98
Bits  1*6 h e a t - t r e a t e d .  
Bit  7 not  h e a t - t r e a t e d .
h i
DRILLING RECORD
Tube B orium  (8-10) Bit
T e s t
N u m b er
Depth
D r i l l e d
D r i l l ing
Tim e
D r i l l ing
Rate
A ir
P r e s s u r e
Weight
s t a r t
f in ish
L o s s  of 
Weight















































7 18.0 0 .8 9 20 .22
84-88
204 .44
195.72 8 .7 2




Bits  1-5 h e a t - t r e a t e d  
Bits  7&8 not h e a t - t r e a t e d
DRILLING RECORD
Tube B o r iu m  (Type G) Bit
T e s t
N u m b e r
Depth
D r i l l e d
D r i l l ing
T im e
D ri l l ing
Rate
A i r
P r e s s u r e
Weight
s t a r t
f in ish
L o s s  of 
W eight
inches m in . i n / m i n .
25 .71  
22 .78  
21 .77  
21 .18
















2 18.0 0 .7 7 23 .38 197.85
3 6 .0 1.63 22 .09 86-90 195.64 2 .2 1
5 4 .0 2 .6 3 20 .53 84-88 194,06 3 .79
72 .0 - - —
3 18.0 0 .8 8 20 .45 198.92
36 .0 1 .84 19.57 86-90 195.05 3 .87
4 18.0 0 .8 1 22 .22 199.78
36 .0 1 .74 20 .69 84-88 196.46 3 .3 2
5 18.0 0 .8 0 22 .50 198.27
36 .0 1.70 21 .18 84-86 196.72 1.55
6 18.0 0 .8 3 21 .69 195.04
36 .0 1 .64 21 .95 84-86 192.80 2 .2 4
Avg. 18.0 22 .66
(1-6) 36 .0 21 .38 2 .8 2
54 .0
72 .0
7 18.0 0 .7 4 2 4 .32 194.49
36 .0 1.57 22 .93 82-86 191.76 2 .7 3
8 18.0 0 .8 0 22 .50 197.19
36 .0 2 .2 4 15.80 84-88 193.07 4 .  12
Bits  1-6 h e a t - t r e a t e d  
Bits  7&8 no t  h e a t - t r e a t e d
lt-9
SLUDGE SAM PLES
M u lt i -u se  S teel B it
M esh




C u m u ­
la t ive
p e rc e n t Weight
P e r
Cent
C u m u ­
la t ive
p e r c e n t
6 0 .3 0 . 1 0 .1 0 .7 0 .3 0 .3
8 2. 1 1.0 1.1 1.6 0 .8 1.1
10 5 .6 2 .6 3 .7 5 .5 2 .7 3 .8
14 9 .1 4 .2 7 .9 8 .2 4 .0 7 .8
20 11.9 5 .5 13.4 13.4 6 .5 14 .3
28 15.6 7 .2 20 .6 14.9 7 .3 21 .6
35 15.2 7 .0 2 7 .6 13.5 6 .6 28 .2
48 15.9 7 .3 34 .9 13.6 6 . 6 34 .8
65 16.6 7 .6 42 .5 14.5 7 .1 41 .9
100 19.9 9 . 2 51 .6 17.9 8 .7 50 .6
150 17 .4 8 .0 5 9 .6 14.0 6 .8 5 7 .4
200 21 .2 9 .8 6 9 .4 17.9 8 .7 66 .2
-200 66 .5 30 .6 100.0 6 9 .4 3 3 .8 100.0
Total 217.3 100. 1 205. 1 99 .9
M esh




C u m u ­
la t ive
p e rc e n t Weight
P e r
Cent
C u m u ­
la t ive
p e rc e n t
6 0 .6 0 .3 0 .3 1.4 0 .7 0 .7
8 2 .3 1.3 1.6 3 .5 1.7 2 .4
10 4. 1 2 .2 3 .8 6 .2 3 .0 5 .4
14 6 .6 3 .6 7 . 4 8 .6 4 .2 9 .6
20 9 .0 4 .9 12.3 10.8 5 .2 14.8
28 11.8 6 . 4 18.7 16.0 7 .7 22 .5
35 12.2 6 .7 2 5 .4 12.3 5 .9 2 8 .4
48 14. 1 7 .7 33. 1 15.9 7 .7 36.1
65 13 .9 7 .6 4 0 .7 15.2 7 .3 4 3 .4
100 13.3 7 .3 48 .0 18.5 8 .9 52 .3
150 19.6 10.7 58 .7 14.5 7 .0 59 .3
200 13.8 7 .5 66 .2 14.5 7 .0 66 .3
-200 62 .0 33 .8 100.0 69 .7 33.7 100.0
Total 183.3 100.0 207. 1 100. 1
5o
SLUDGE SAM PLES
M u lt i -u se  S teel B it
M esh
C om pos i te
Weight P e r c e n t
C u m u ­
la t ive
P e r c e n t
6 3 .0 0 .4 0 . 4
8 9 .5 1.2 1.6
10 2 1 .4 2 .6 4 .2
14 32 .5 4 .0 • 8 .2
20 45 .1 5 .5 13.7
28 58 .3 7 .2 20 .9
35 5 3 .2 6 .5 2 7 .4
48 59 .5 7 .3 34 .7
- 65 60 .2 7 . 4 42 .1
100 6 9 .6 8 .6 50 .7
150 65 .5 8 .1 5 8 .8
200 6 7 .4 8 .3 67.1
-200 267 .6 32 .9 100.0
Total 812 .8 100.0
M ean  P a r t i c l e  Size  0 .0060  in .
51
SLUDGE SAM PLES
C a s t  Stoodite Bit
Mesh.
TEST NUMBER 6
Weight P e r c e n t
C u m u ­
la t ive
P e r c e n t
6 0 . 4 0 .2 0 .2
8 3 .8 1.7 1.9
10 6 .9 3 .1 5 .0
14 8 .7 3 .9 8 .9
20 11.3 5 .1 14.0
28 15.7 7 .1 21.1
35 12.6 5 .7 2 6 .7
48 15 .4 6 .9 33 .7
65 15 .4 6 .9 4 0 .6
100 19.2 8 .6 4 9 .3
150 15.6 7 .0 5 6 .3
200 15.5 7 .0 6 3 .3
-200 81 .6 36 .7 100.0
Total 222. 1 9 9 .9









C u m u ­
la t iv e
p e r c e n t Weight
P e r
Cent
C u m u ­
la t ive
p e r c e n t
6 0 .5 0 .3 0 .3 2 .1 1.0 1.0
8 2 .7 1 .4 1.7 4 .3 2 .0 3 .0
10 4 . 9 2 .5 4 .2 8 .1 3 .8 6 .8
14 7 .8 4 .1 8 .3 11.0 5 .1 11.9
20 9 . 2 4 . 8 13. 1 13.0 6 .1 18.0
28 12.3 6 .4 19.4 16.0 7 .5 2 5 .4
35 11.9 6 .2 25 .6 14.4 6 .7 32 .1
48 14.7 7 . 6 33 .3 16.0 7 .5 39 .6
65 15.0 7 .8 4 0 .6 14.6 6 .8 4 6 . 4
100 13.7 7 .1 4 8 .2 15.0 7 .0 5 3 .4
150 21 .8 l l r 3 59 .5 20.1 9 . 4 6 2 .8
200 15.4 8 .0 6 7 .6 14.1 6 .6 6 9 .4
-200 6 2 .4 3 2 .4 100.0 65 .7 30 .6 100.0
Tota l 192.3 99 .9 2 14 .4 100.1
C om pos i te
M esh Weight P e r c e n t
C u m u ­
la t ive
P e r c e n t
6 2 .6 0 .6 0 .6
8 7 .0 1.7 2 . 4
10 13.0 3 .2 5 .6
14 18.8 4 .6 10.2
20 2 2 .2 5 .5 15.6
28 28 .3 7 .0 2 2 .6
35 26 .3 6 .5 29 .1
48 30 .7 7 .5 36 .6
65 29 .6 7 .3 4 3 .9
100 28 .7 7 .1 50 .9
150 4 1 .9 10.3 6 1 .2
200 2 9 .5 7 .3 68 .5
-200 128. 1 31 .5 100.0
Total 4 0 6 .7 100. 1
---------------  1̂
M ean P a r t i c l e  Size 0 .0060  in
5 3
SLUDGE SAMPLES
Stoody B orod  (60 dn) Bit 
( h e a t - t r e a te d )
M esh




C u m u ­
la t ive
p e rc e n t Weight
P e r
Cent
C u m u ­
la t ive
p e r c e n t
6 0 .6 0 .3 0 .3 1.5 0 .7 0 .7
8 2 .2 1,1 1 .4 4 . 6 2 .1 2 .8
10 4 .5 2 .3 3 .7 8 .9 4 .0 6 .8
14 7 .8 3 .9 7 .6 11.8 5 .3 12. 1
20 9 . 8 4 .9 12.5 12.7 5 .7 17.8
28 13.1 6 .6 19.1 14.5 6 .5 24 .3
35 14.5 7 .3 2 6 .4 13.2 5 .9 30 .2
48 15.2 7 . 6 34 .0 14.7 6 .6 36 .8
65 15.9 8 .0 42 .0 14.2 6 . 4 43. 1
100 16.8 8 . 4 50 .5 18.7 8 . 4 51 .5
150 19.6 9 .8 60 .3 16.4 7 . 4 58 .9
200 18.3 9 .2 69 .5 13.4 6 .0 64 .9
-200 6 0 .7 30 .5 100.0 7 8 .2 35. 1 100.0




C om pos i te
Weight P e r c e n t
C u m u ­
la t ive
p e r c e n t
6 2 .1 0 .5 0 .5
8 6 .8 1.6 2. 1
10 13.4 3 .2 5 .3
14 19.6 4 . 6 10.0
20 22 .5 5 .3 15.3
28 27 .6 6 .5 2 1 .8
35 27 .7 6 .6 2 8 .4
48 29.9 7 .1 35 .5
65 30. 1 7 .1 4 2 .6
100 35 .5 8 . 4 5 1 .0
150 36 .0 8 .5 5 9 .6
200 31 .7 7 .5 67 .1
-200 138.9 32 .9 100.0
Total 4 2 1 .8 9 9 .8
M ean  P a r t i c l e  Size 0 .0062  in .
A
SLUDGE SAMPLES
Tube B o r iu m  (20*30) Bit 








C um u-  | 
l a t iv e  
p e r c e n t  ] Weight
P e r  
Cent  
0 2
C u m u ­
la t ive
p e r c e n t
0 .26 0 . 4 0 .2 6 . 2  j 0 .5
8 1.8 0 .9 1.1 j 1.5 0 .7 0 .9
10 5 .9 2 .9 4 . 0 L . . 2 .3 3 .2
14 8 .3 4 .1 8 .1 | 8 .0 3 .8 7 .0
20 11 .4 5 .6 13.7 I 7 . 4 1 3. 5 10.5
28 15.8 7 .8 21 .5 15.7 7 . 4 17.9
35 15 .4 7 .6 29 .1 13.8 ^ 6 .5 2 4 .4
48 15.5 7 .6 36 .7 14.0 6 .6 31 .0
65 15.9 7 .8 4 4 .5 14.7 6 .9 37 .9
100 10 .4 5 .1 4 9 .6 16.5 7 .7 4 5 .6
150 25 .1 12.4 62 .0  j] 2 6 .3 12.3 57 .9
200 18.9 9 .3 7 1 .3  | 19.7 9 . 2 67.1
-200 58 .3 28 .7 100.0 70 .0 3 2 .9 100.0
Tota l 203.1 100.0 1 213 .0 100.0
M esh
C om pos i te
Weight P e r c e n t
C u m u ­
la t iv e
p e r c e n t
6 0 .9 0 .2 0 .2
8 3 .3 0 .8 1.0
10 10.8 2 .6 3 .6
14 16.3 3 .9 7 .5
20 18.8 4 .5 12.0
28 31 .5 7 .6 19.6
35 29 .2 7 .0 2 6 .6
48 29 .5 7 .1 33 .7
65 3 0 .6 7 . 4 41 .1
100 2 6 .9 6 .5 4 7 .6
150 5 1 .4 12.4 60 .0
200 38 .6 9 .3 6 9 .2
-200 128.3 30 .8 100.0
Total 41 6 .1 100.1
M ean P a r t i c l e  Size 0 .0055  in .
&
SLUDGE SAM PLES
Tube B o r iu m  (8-10)  Bit 
( h e a t - t r e a t e d )
TEST NUMBER 3 j TEST NUMBER 5
M e sh Weight
P e r
Cent
C u m u ­
la t ive
p e r c e n t 1 Weight
P e r
Cent
C u m u ­
la t ive
p e r c e n t
6 0 .8 0 . 4 0 . 4 j 0 .3 0 .1 0 .1
8 2 .4 1.1 1.5 t  i . 8 0 .9 1.0
10 3 .1 1.5 3 .0
 ̂ 3 ^
1 2 .1 3. 1
14 5 .0 2 . 4 5 . 4 ! 8 . 4  J 4 .1 7 .2
20 6 .7 3 .2 8 .6 | 10.0  4 .9 12.1
28 9 .8 4 . 7 13.3 14.0 6 .8 18.9
35 12.3 5 .8 19.1 1 12.7 \ 6 . 2 2 5 .1
48 13.5 6 .4 25 .5 1 15.2 7 . 4 32 .5
65 15.5 7 . 4 32 .8 15 .7 ~7.« 7 4 0 .2
100 19.8 9 . 4 4 2 .3 18.9 9 .2 4 9 .4
150 19.7 9 . 4 51 .7 17.8 8 .7 58. 1
200 2 3 .4 11.1 6 2 .7 16.2 7 .9 6 6 .0
-200 7 8 . 4 37 .3 100.0 6 9 .6 34 .0 100.0
Tota l 210 .4 100.1 204 .9 100.0
M esh
C o m p o s i te
Weight P e r c e n t
C u m u ­
la t ive
p e r c e n t
6 1.1 0 .3 0 .3
8 4 . 2 1.0 1.3
10 7 . 4 1.8 3. 1
14 13 .4 3 .2 6 .3
20 16.7 4 .0 10.3
28 23 .8 5 .7 16.0
35 25 .0 6 .0 22. 1
48 28 .7 6 .9 29 .0
65 31 .2 7 .5 36 .5
100 38 .7 9 . 3 4 5 .8
150 37 .5 9 .0 5 4 .8




00pH 3 5 .6 100.0
Total 4 1 5 .3 99 .8  .
M ean P a r t i c l e  Size 0 .0 0 4 9  in .
56
SLUDGE SAM PLES
Tube B o r iu m  (Type G) Bit 
( h e a t - t r e a te d )
TEST NUMBER 3 TEST NUMBER 6
C u m u ­ C u m u ­
P e r la t iv e  j P e r la t iv e
M esh Weight Cent p e r c e n t  \ Weight Cent p e r c e n t
6 2 .0 1.0 1.0 i 2 .6 1 .1  1 1.1
8 1.7 0 .8 1.8 j 5 . 4 2 .4 3 .5
10 4 .1 2 .0 3 .8 9 .5 4 . 2 7 .7
14 6 .6 3 .3 7 .  i 12.5 5 .5 13.2
20 9 .7 4 .8 11.9 I 9 .3 4 .1  ^ 17,3
28 13.6 6 .7 00 • 19.3 8 .5 25 .8
35 13.0 6 . 4 25. 1 15.7 6 .9 32 .7
48 14 .4 7 .1 32 .2 14.5 6 . 4 39.1
65 14.3 7 .1 39.3 15.2 6 .7
00lT)
100 18.7 9 .3 4 8 .6 18.5 8 .2 54 .0
150 17.0 8 . 4 57 .0 14.7 6 .5 60 .5
200 12.7 6 .3 63 .3 19.5 8 .6 69 .1
-200 74 .1 36 .7 100.0
oor- 3 0 .9 100.0
T ota l 201 .9 9 9 .9 226 .7 100.0
M esh
C om pos i te
Weight Pe  r e  ent
C u m u ­
la t ive
p e r c e n t
6 4 .6 1.1 1. 1
8 7 .1 1.7 2 .7
10 13.6 3 .2 5 .9
14 19.1 4 .5 10 .4
20 19.0 4 . 4 14.0
28 32 .9 7 .7 2 2 .5
35 28 .7 6 .7 2 9 .2
48 2 8 .9 6 .7 35 .9
65 29 .5 6 .9 4 2 .8
100 37 .2 8 .7 51 .5
150 31 .7 7 . 4 5 8 .9
200 32 .2 7 .5 6 6 .4
-200 144. 1 33 .6 100.0
Total 428 .6 100.1
M ean  P a r t i c l e  S ize 0 .0063  in .
57
